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DIFFRACTION  ABOUND  FINITE  PLANAR  BAFFLES 
PRECIS 

1.  The  diffraction  of  sound  around  the  edge  of  a half  plane  is  considered  m 
order  to  gain  some  insight  into  the  effect  of  positioning  sonar  arrays  on  or  near 
finite  baffles.  Some  useful  approximations  are  derived  and  demonstrated  for  the 
pressure  levels  due  to  a single  source  at  endfire  and  also  directly  behind  both 
soft  and  hard  baffles.  Comparisons  are  made  with  the  assumption  of  an  infinite 
baffle  and  the  usual  approximation  for  dealing  with  an  array  on  a finite  hard 
baffle  is  questioned. 
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INTRODUCTION 

2.  This  note  considers  the  diffraction  of  sound  around  the  edge  of  a half 
plane  in  order  to  gain  some  insight  into  the  effect  of  positioning  sonar  hydro- 
phones and  arrays  on  or  near  finite  baffles. 

3.  It  is  of  particular  interest  to  determine  the  influence  of  a finite  baffle 
upon  the  diffracted  field  at  endfire,  and  also  the  effect  of  different  baffle 
impedances  upon  the  field  behind  the  baffle. 

4.  Normally  when  considering  the  directivity  pattern  of  an  array  in  the 
presence  of  a finite  baffle,  a multiplicative  factor  is  suggested  as  a modifica- 
tion to  the  relatively  easily  computed  infinite  baffle  pattern.  The  necessity 
and  correctness  of  this  procedure  for  soft  and  hard  baffles  is  also  discussed. 

THEORY 

5.  The  theoretical  model  is  based  upon  the  results  of  a previous  note  con- 
cerned with  diffraction  in  the  presence  of  a wedge-shaped  baffle  (Reference  l). 

6.  The  normalised  farfield  pressure  of  a point  source  located  at  (h0,  *Q,  zq) 
in  the  presence  of  an  acoustically  soft  wedge  enclosing  an  angle  a is  given  by 


„ ikz  cosd 
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(eQ  = 1,  = 2 for  n = 1,2,...).  The  geometry  for  this  problem  is  shown  in 

Figure  1.  The  farfield  pressure  has  been  normalised  with  respect  to  the  free- 
field  pressure  of  the  source  of  strength  PQ  at  the  farfield  distance  R 

(=  PQ  e ^/^ffR).  A harmonic  time  dependence  e^Wt  is  assumed  throughout  and 

omitted  and  k (=  w/c  = 2v/\)  is  the  wavenumber,  where  c is  the  speed  of  sound  in 
the  fluid  and  A.  is  the  wavelength  at  angular  frequency  w. 

7.  A half  plane  is  the  special  case  of  a wedge  when  the  wedge  angle  a is 
allowed  to  be  2 ff  radians.  The  baffle  is  thus  infinitely  thin  and  perfectly 
reflecting  such  that  there  is  no  transmission  through  the  baffle.  In  this  case 
expression  (l ) reduces  to 
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8.  A more  convenient  representation  both  to  obtain  limiting  values  and  for 
numerical  evaluation,  particularly  when  the  argument  of  the  Bessel  functions  is 
large  and  a large  number  of  terms  would  be  required  to  sum  the  series  to  accept- 
able accuracy,  is 


ikz  cosd  iir/4 
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6,  F(x)  is  the  Fresnel  integral 


(4) 


is  taken  (Reference  2,  Chapter  8). 

solution  for  an  acoustically  hard  baffle  is  given  by  the 
expressions  (l j and  (2)  with  the  product  of  the  two  sine  terms  replaced  by  a 
product  of  cosine  terns,  which  leads  to  the  representation  (3)  above  with  the 
plus  sign. 

10.  Some  useful  properties  of  the  Fresnel  integral  and  its  numerical  evaluation 
are  described  in  Annex  A. 

11.  Although  this  model  does  not  represent  the  true  problem  of  a baffle  which  is 
finite  in  all  directions,  it  is  felt  that  some  insight  into  the  dominant  features 
of  the  physical  case  may  be  usefully  gained.  If  attention  is  restricted  to  the 
Z-O  plane,  i.e.  both  the  source  ana  receiver  lie  in  this  plane  (zQ  = 0,  0 = v/2), 

the  simplified  half  plane  geometry  is  as  indicated  in  Figure  2.  In  this  investi- 
gation the  sources  will  lie  in  the  region  0 < <j>Q  £ tr/2,  Then,  in  terms  of  the 

farfield  direction  0,  0 = 0°  is  in  the  direction  of  the  infinite  baffle,  0 = 90° 
is  normal  to  the  baffle  on  the  same  side  as  the  sources,  0 = 180°  is  in  the 
direction  of  the  edge  of  the  baffle  on  the  opposite  side  to  the  sources,  and 
4>  = 360°  is  in  the  direction  of  the  infinite  baffle  on  the  opposite  side  to  the 
sources.  The  region  of  particular  interest  with  respect  to  the  problem  of 
finiteness  of  baffles  is  then  90°  « 0 $ 270°. 

12.  The  well-known  solutions  for  a point  source  at  a distance  d in  front  of  an 
infinite  (in  all  directions)  plane  baffle  are, 

p c(0)  = 2 i sin  (kd  sin  0)  (5) 

p.  (0)  = 2 cos  (kd  sin  0)  (6) 

A 

for  soft  and  hard  baffles  respectively  (0  s 0 s 7 r). 

THEORETICAL  AND  NUMERICAL  RESULTS 


where  d'  = kpQ  sin 
“•  2 

F(x)  = j e 1 dt 
x 

and  the  minus  sign 
9.  The  farfield 


Source  on  a hard  baffle 

13.  Consider  first  the  case  when  the  source  lies  on  the  baffle  (0Q  =0).  For 

a soft  baffle  the  field  reduces  trivially  to  zero,  as  expected,  while  the  result 
for  a hard  baffle  is. 


ikp  cos0  , 

P(w/2»  0>  = 2 — e 0 F (-  y2kp  cos 

■A  * 


(7) 


1L.  In  particular,  in  the  direction  of  the  baffle  edge  (0  = it)  the  field  is 
P(7t/2,  7 r)  = e 0 (8) 


and  has  unit  amplitude,  independent  of  the  distance  of  the  source  from  the  baffle 
edge. 
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13.  The  usual  approximation  when  considering  arrays  on  hard  finite  planar 
baffles  is  to  multiply  the  directivity  pattern  derived  for  an  infinite  plane 

baffle  by  the  factor  — (l  + cos  O')  where  0'  is  the  angle  maae  with  the  normal  to 

the  baffle.  This  has  the  effect  of  leaving  unchanged  the  broadside  pattern  while 
reducing  the  pressure  by  one  half  (6  dB)  at  endfire,  in  agreement  with  the 
result  (8). 

1 b.  Also  of  interest  is  the  field  directly  behind  the  baffle,  0 = }ir/ 2.  Using 
the  large  argument  approximation  to  the  Fresnel  integral,  given  in  Annex  A,  gives 

iff/4  . -ikp0 

p (*/2,  3»/2)  ~ -== (9) 

•/Vkp 
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and  hence 

|P(*/2,  3»/2) | j (10) 

TT  V2p0/\ 

This  result  shows  that  the  farfield  behind  a hard  baffle  falls  off  at  a rate  of 
3 db  per  doubling  of  distance  of  the  source  from  the  edge  of  the  baffle.  For  a 
source  one  wavelength  from  the  edge,  the  front  to  back  ratio  is  approximately 
20  dB. 

17.  Although  a large  argument  approximation  has  been  used  to  derive  the  results 
(9;  ana  (lO),  the  approximation  (lO)  is  in  error  by  less  than  jr  dB  for  sources 

as  close  as  half  a wavelength  to  the  edge  of  the  baffle. 

18.  For  a source  on  a hard  baffle.  Figure  3 shows  the  effect  of  moving  the 
source  away  from  the  baffle  edge.  The  theoretical  observations  described  above 
may  clearly  be  seen.  It  is  also  interesting  to  observe  that  ripples  have  been 
introduced  into  the  airectivity  patterns  in  the  region  0 $ <j>  s it,  which  would  not 
be  present  with  an  infinite  baffle.  In  this  case  of  the  semi-infinite  baffle  the 
number  of  ripples  appears  to  be  2 p ^/a  and  their  deviation  from  the  6 a3  level 

grows  towards  <t>  = 180°  to  about  ± 1 dB. 

o n o 

19.  The  region  90  i <p  ^ 180  has  been e xpanded  in  Figure  4 which  also  shows, 
as  dotted  lines,  the  infinite  baffle  pattern,  log  2,  and  the  finite  baffle 

approximation,  log  (2  x ^ (l  + sin  #))•  It  is  clear  from  this  Figure  that  while 

the  modifying  function  does  lead  to  a correct  endfire  level,  it  can  significantly 
underestimate  the  field  of  a single  source  in  other  directions,  and  this  error 
increases  as  the  source  moves  away  fYom  the  eage  of  the  baffle.  Indeed  it  is 
always  an  underestimate  for  a source  as  close  as  A/2  to  the  baffle  edge. 

Source  near  a hard  baffle 

20.  For  a source  at  (pQ,  <pQ) , not  necessarily  lying  in  the  baffle,  the  far- 
field is 


P(*/2,*)  = SZ 
Jv 


in/U  ikp  cos (<£-<£  ) 
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It  is  interesting  to  note  that  at  endfire,  in  the  direction  of  the  edge  of  the 
baffle,  the  field  has  unit  amplitude,  independent  of  the  position  of  the  source, 

i.e. 

-ikp  cos# 

P(jt/2,  v)  = e ° ° (12) 

The  result  (8;  for  a source  lying  on  a hard  baffle  is  a special  case  (#Q  = 0)  of 
this  more  general  result. 

21.  By  varying  the  position  of  a single  source  with  respect  to  the  baffle,  it 
appears  that  the  pressure  levels  behind  the  baffle  and  fall-off  rate  'with  distance 
from  the  baffle  edge  are  very  similar  to  those  for  a source  lying  on  the  baffle, 
whenever  the  source  is  nearer  to  the  baffle  than  to  the  edge  (#Q  « w/4).  These 

results  are  summarised  in  Table  1 . The  values  given  in  brackets  in  the  first 
column  are  those  obtained  using  the  approximate  formula  (10). 

Array  on  a hard  baffle 

22.  In  order  to  illustrate  the  behaviour  of  an  array  in  the  presence  of  a hard 
finite  baffle,  a line  of  nine  half  'wavelength  spaced  sources  with  the  end  element 
being  a half  wavelength  from  the  edge  of  the  baffle  has  been  considered. 

Figure  5 shows  the  unsteerea  normalised  directivity  pattern  as  a continuous  line 
with  the  usual  infinite  baffle  pattern  superimposed  as  a dotted  line  for 
0°  « # « 180°.  In  the  region  of  interest,  90°  $ # $ 180°,  the  patterns  remain 
almost  identical  until  very  near  the  endfire  direction  (l80°)  with  a difference 
of  less  than  1 dB  in  the  penultimate  sidelobe  at  about  140°,  but  a fall  of  6 dB 
at  endfire  for  the  finite  baffle  pattern. 

23.  Figure  6 shows  the  pattern  for  the  same  array  steered  in  the  direction 

# = 130°  (i.e.  60°  from  broadside)  with  the  infinite  baffle  pattern  superimposed. 
In  this  case  the  difference  at  endfire  is  6.3  dB  but  that  fall  is  relative  to 
150°  where  both  patterns  are  normalised.  The  patterns  are  very  similar  from  90° 
to  1?00. 

24.  Although  not  shown,  the  approximate  factor  of  (l  + cos  S')  discussed  pre- 
viously would  modify  the  unsteered  infinite  baffle  pattern  reasonably  well  giving 
the  correct  endfire  level.  The  appropriate  reduction  in  each  direction  may  be 
seen  in  Figure  4.  However,  for  the  steered  pattern  it  would  predict  a drop  of 
only  3g"  dB  between  150°  and  1 80°  compared  w ith  the  actual  Gs  dB  fall. 

25.  It  is  not  intended  here  to  carry  out  a thorough  study  to  determine  either 
one  or  a set  of  modifying  functions  to  be  applied  to  infinite  baffle  directivity 
patterns  to  account  for  finite  baffles.  However,  an  improved  approximation  would 
appear  to  be  a factor  of  the  form 


1 /.  / d'  - a \ 

i ('  ♦ ~ (rrs^ 


a $ S'  s 7r/2 


o / 

to  be  applied  w ithin  about  30  of  endfire  i.e.  a = ir/3.  This  factor  is  a scaled 
version  of  the  usual  factor  in  order  to  leave  unchanged  the  pattern  from  broad- 
side to  a and  then  reduce  it  smoothly  giving  a maximum  reduction  at  6 dB  at 
endfire. 


26.  A factor  of  this  form  is  consistent  with  the  patterns  of  a single  point 
source  shown  in  Figure  4.  A suitable  value  of  a will  clearly  depend  on  such 
factors  as  the  number  of  sources,  the  steering  direction  and  the  baffle  size, 
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although  for  moderate-sized  arrays  with  baffles  extending  by  up  to  a half  wave- 
length, a value  of  a " 60°,  70°  would  probably  be  appropriate.  In  Figures  7 
and  8 the  infinite  baffle  patterns  with  the  modifying  factor  suggested  above 
(with  a = 7t/3  = 60°)  are  superimposed  upon  the  finite  baffle  patterns  for  com- 
parison. Good  agreement  is  observed. 

27.  Figure  9 shows  the  same  array  steered  to  endfire  although  the  resultant 
main  beam  is  only  in  the  direction  69°  from  b roadside.  The  modified  infinite 
baffle  pattern  is  shown  superimposed  (with  a = v /})  and  again  there  is  close 
agreement  in  the  region  of  the  main  beam,  which  is  in  the  direction  72°  from 
broadside.  Note  that  the  unmodified  infinite  baffle  pattern  has  a main  beam 
exactly  at  endfire.  In  this  case,  relative  to  the  main  beam  level,  the  finite 
baffle  pattern  has  sidelobe  levels  increased  by  3-4  dB.  If  the  original  modify- 
ing function  is  taken  v'_.e.  a = 0)  there  is  better  agreement  in  the  region  of 
the  sidelobes  but  the  shape  of  the  main  beam  (now  estimated  in  the  direction  74° 
from  broadside)  is  considerably  in  error,  as  shown  in  Figure  10. 

Source  near  a soft  baffle 


28.  For  a source  at  (pQ,  <PQ ) in  the  presence  of  a soft  half  plane,  the  norma- 
lisea  farfield  is  given  by 


iw/4  , 
P(*/2 ,*j  = — { 
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(13) 


29.  At  enaf ire  in  the  d irection  of  the  baffle  edge  ( <t>  = n)  it  may  be  shown  that 
the  farfield  is  approximately. 


P(tt/2,ct)  ~ 2 ei7r//^ 


-ikp  cos <p 


v^0  dc/A 


(14) 


for  source  positions  such  that  <t>Q  and  d^A.  are  small,  -where  dQ  = pQ  sin  4>0  is 

the  distance  of  the  source  from  the  baffle.  This  indicates  that  the  field  at  end- 
fire for  a source  near  a finite  soft  baffle  falls  off  at  a rate  of  3 dB  per 
doubling  of  distance  from  the  baffle  edge  (at  a constant  distance  from  the  baffle), 
ana  increases  by  6 dB  as  the  distance  from  the  baffle  doubles  (at  a constant 
distance  from  the  edge). 


30.  After  some  analysis  it  may  also  be  shown  that  the  farfield  directly  behind 
the  baffle  may  be  approximated  as 


P (ff/2,  3 v/2)~ 


itf/4 
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for  large  p ^/a.  and  snail  Hence, 
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result  shows  that  the  field  increases  by  6 dB  as  the  distance  of  the  source 
tne  baffle  doubles  (at  constant  distance  from  the  edge),  and  decreases  by 
d 3 as  the  instance  from  the  baffle  edge  doubles  (for  constant  distance 
the  baffle). 

These  results  nave  been  verified  by  computing  tne  farfield  pressure  using 
the  exact  expression  (13).  The  full  directivity  patterns  for  a source  at 
j wavelength  from  the  baffle  and  various  distances  from  the  baffle  edge  are  shown 
in  Figure  11.  A summary  of  the  results  obtained  by  varying  the  position  of  a 
single  source  near  a soft  baffle  is  given  in  Tables  2 and  3.  The  approximations 
(id)  and  (l6)  are  given  in  brae’  ts  whenever  they  are  within  about  3 d3  of  tne 
true  values,  clearly  demonstrating  the  validity  of  these  approximations. 

Array  near  a soft  baffle 

32.  The  same  nine— element  point  source  array  previously  described  is  now  con- 
sidered ax  a distance  of  one  quarter  wavelength  from  a soft  half  plane.  The 
unsteered  directivxxy  pattern  is  shown  in  Figure  12  with  the  infinite  soft  saff^e 
paxtern  superimposed  as  a dotted  line.  The  two  patterns  are  almost  identical 
until  very  near  endfire  where  the  infinite  baffle  pattern  predicts  a null  wmie 
xhe  effect  of  the  finite  baffle  is  to  allow  sound  to  diffract  behind  the  baffle. 

33*  Figure  13  shows  the  same  array  steered  60°  from  broadside,  although  for 
both,  the  finite  and  infinite  baffle  patterns  the  main  beam  is  actually  only 
steered  to  57°.  Similarly  Figure  14  shows  the  effect  of  steering  to  endfire 
with  both  the  resultant  beams  being  only  68°  from  broadside. 

31.  In  each  of  these  examples  the  only  significant  effect  of  tne  finite  baffle 
to  .*:ve  a non— zero  field  in  tne  endfire  direction  ana  behind  the  baffle.  In 
front  of  the  baffle  the  sidelobe  levels  and  directions  change  very  little  from 
tne  more  easily  computed  infinite  baffle  pattern,  and  as  a first  approximation 
*t  aoes  not  appear  necessary  to  modify  the  infinite  baffle  pattern  to  account  for 
a finite  soft  baffle. 

DISCUSSION  AND  CONCLUSIONS 

— “ ““ “ “ 

. Tne  preceding  results  have  been  derived  for  the  ideal  case  of  perfectly 
*.  . uari  or  ..oft  baffles  with  no  transmission  through  the  baffle.  In  practice 
. . _*..-r  .oft  baffles  can  be  made  relatively  thin  whilst  an  effective  thin  hard 

i ii  difficult  to  achieve.  In  air  the  reverse  is  true.  The  consideration 

oafid  . with  finite  thickness  and  also  finite  impedance  is  a considerably  more 
problem  for  which  some  rigorous  and  approximate  analyses  are  possible. 

(del'- rences  3 and  4). 

3b.  Also,  only  the  farfield  of  a source  in  the  presence  of  a half  plane  has 
been  considered.  The  nearfield  may  be  calculated  if  required,  an  eigenfunction 
series  solution  having  been  given  for  the  general  case  of  a wedge  of  arbitrary 
angle  m Reference  1 (equation  (2)). 

37*  Under  these  restrictions,  and  when  a source  is  close  to  one  edge  of  a 
baffle  only,  some  useful  approximations  are  valid  for  sources  "near"  the  baffle. 

a.  Hard  baffle;  'The  field  of  a point  source  at  endfire  is  0 uB  xower  tnan 
the  maximum  broadside  value,  and  directly  behind  the  baffle  it  falls  off 
at  a rate  of  3 dB  per  doubling  of  distance  of  the  source  f^om  the  edge  of 
the  baffle.  These  results  are  independent  of  the  shortest  a. stance  of  the 
source  from  the  baffle. 
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b.  Soft  baffle:  The  field,  of  a point  source  at  endfire  falls  off  at  a 
rate  of  3 uB  per  doubling  of  distance  from  the  edge  of  the  baffle,  while 
the  field  directly  behind  the  baffle  falls  off  at  a rate  of  9 4B  per 
doubling  of  distance.  In  each  case  as  the  shortest  distance  of  the  source 
from  the  baffle  doubles,  the  pressure  rises  by  6 dB. 

c.  Arrays : Hie  effect  of  a finite  baffle  on  the  directivity  pattern  of 
an  array  is  significant  mainly  near  endfire,  particularly  if  an  attempt  is 
made  to  steer  the  beam  m this  direction.  For  a hard  baffle  it  is  neces- 
sary to  modify  the  infinite  baffle  pattern  and  an  appropriate  factor  has 
been  discussed.  For  a soft  finite  baffle  there  is  closer  agreement  with 
the  infinite  baffle  pattern  where  the  inability  to  steer  towards  endfire 
is  already  apparent,  and  no  modifying  facte  " has  been  suggested. 
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ANNEX  A - THE  FRESNEL  INTEGRAL 


1.  The  complex  Fresnel  integral 


..2 

F(x)  = ! e 1 dt 

x 


may  be  expressed  in  real  and  imaginary  parts  as. 


where 
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(A1) 


(A2) 


(A3) 


(A4) 


are  the  Fresnel  cosine  and  sine  integrals  respectively. 


Now, 

F(x)  + F(-x)  = 2F(0) 


and  F(0)  = ^ J V 


For  small  x, 
C(x)  ~ x 


\ (1  - O 


ana  S(x;  ~ — g- 
For  large  x. 
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(A5) 

(A6) 


(A7) 


(A8) 


(A9) 


2.  The  numerical  results  presented  in  this  note  have  been  based  upon  the 
numerical  evaluation  of  Fresnel  cosine  and  sine  integrals  given  by  CACM 
Algorithm  9yt  (Reference  5)  where  further  details  of  the  particular  small  and 
large  argument  series  employed  may  be  found. 
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Table  1 Pressure  levels  (dB)  in  the  farfield  directly  behind 
(<£  = 3jt/2)  a hard  half  plane  baffle  due  to  a point 
source. 
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Table  2 Pressure  levels  (dB)  in  the  farfield  at  endfire 

(<£  = 7r)  of  a soft  half  plane  baffle  due  to  a point 
source. 
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Distance  from  baffle  (d  = p sin  <p  ) 
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Table  3 Pressure  levels  (dB)  in  the  farfiela  directly  behind 
(<£  = 3rr/2)  a soft  half  plane  due  to  a point  source. 
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Directivity  pattern  of  a nine-elerr.ent  line  array  on  a hard  half  plane,  steered  60~  from  broadside 


FIG.  14 


